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Computational Fluid Dynamics (CFD) has been
increasingly used in recent years during design and
implementation of eledrophoretic devices for
biologicd/chemicd sensing applicaions. Thisrequiresa
thorough understanding of fundamental bio-
eledrochemicd processes that commonly occur in these
systems. Inthisregard, CFD can provide insight into the
interadions between various physicd processs and help
in design optimization studies. This paper isfocussed on
our current reseach effort [1,2] devoted to developing a
multi disciplinary simulation environment in CFD-ACE+
[4] (smulation software) for biomicrosystem analysis.

For acaurate modeling of bio-eledrochemicd processes,
an implicit finite-volume gproach has been devel oped
[3,4] to solve the governing equations for eledrophoresis
and eledroosmosis. Besides, biologicd systems consist of
buffers and proteins, and modeling the ionizaion

equili brium is criticd to satisfy eledroneutrality. The
simulation todl solves a set of partial differential
equations expressng the mnservation of mass,
momentum and eledric current whil e satisfying
eledroneutrality viaionization equilibria. Thisisdonein
a sequential fashion until convergencein solutionis
adhieved.

In thiswork, a generalized two-step disociation-
recombination [5] model isimplemented. Results from
the multidimensional simulation are validated against the
experimental data of Mosher et. a [6]. The modd is
applied to simulate red world systems such as capill ary
eledrophoresisin a microchannel, isoeledric focussing
involving separation of proteins under stable pH gradient,
moving boundary eledrophoresis and isotachophoresis. It
will be shown that the numericd model is robust enough
to predict the shape and structure, and diffusion of the
analytes driven in an eledric field.
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